Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 108 (7): 850-853, November 2013 online | memorias.ioc.fiocruz.br Schistosomiasis is considered by the World Health Organization the second most important endemic parasitic disease (Bruun & Aagaard-Hansen 2008) . Two drugs very active against schistosomiasis mansoni, oxamniquine and praziquantel, have been used since the 1980s.
Nevertheless, praziquantel has been considered the drug of choice, since it presents activity against all the species of Schistosoma that affects humans and has a low cost, especially after being manufactured by the People's Republic of China and South Korea.
Praziquantel is widely used with good tolerance (Katz & Almeida 2003) , but experimental induction or selection of resistant strain and description of regions or patients, in cases when the compound is less active, indicate the need for alternative drugs to treat praziquantel-resistant schistosomiasis (Tsai et al. 2000 , William et al. 2001 , Bonesso-Sabadini & Dias 2002 , Doenhoff et al. 2008 , Melman et al. 2009 ). Qi and Cui (2013) , established a new schistosomiasis model for schistosomiasis with praziquantel resistance and found that from the formula of the coexistence equilibrium is easy to see that the value of the resistant strain is increased with the value of the proportion of human with drug-resistant strain produced by treatment. This means once the proportion of human with drug-resistant strain produced by drug treatment is larger, the number of human and snails with resistant strain is larger. It must also be considered that a vaccine is not yet available (Fonseca et al. 2005) and it will take several decades before developing countries will achieve a standard of sanitation similar to that in the developed world.
Recently, it has been demonstrated that imatinib, a compound used in human chronic myeloid leukaemia therapy (Larson et al. 2008) , affects Schistosoma mansoni in vitro, producing effects on gonad development, pairing stability, alterations of the gastrodermis, causing the death of the parasites. These activities of imatinib in vitro were shown to be time -and dosage -dependent and indicate that this compound must be evaluated in animal trials, as an alternative medicine for schistosomiasis (Beckmann & Grevelding 2010) .
A biochemically unusual Src/Abl hybrid kinase, SmTK6, was identified in schistosomes and confirmed Abl kinases as targets for imatinib. This drug drastically affected the morphology and survival of adult schistosomes in vitro and imatinib directly acts on, at least, one of the parasites Abl kinase (SmAbl1 and on SmTK6). The Abl kinase inhibitor imatinib was able to completely block SmTK6 tyrosine kinase activity, but at a 1,000X higher concentration than that needed to inhibit SmAbl1 tyrosine kinase -induced germinal vesicle breakdown (GVBD) (Beckmann et al. 2011) . Mahanty et al. (2012) look for effects following treatment of the tapeworm Taenia crassiceps in vitro and observed that imatinib and artesunate, drugs that are not traditionally considered to treat cestodes infections, showed high activity.
In our present study, imatinib was evaluated as an antischistosomal agent in trials performed in vitro (adult worms) and in vivo, using mice experimentally infected with S. mansoni.
MATERIALS AND METHODS
In vitro trials -Mice infected with S. mansoni cercariae (LE strain) were sacrificed using sodium pentobarbital 3% (300 µL/mice) and perfused according the technique of Smithers and Terry (1965) . The collected worms were distributed into six-well-plates (4 pairs of worms/well) and were kept in culture medium RPMI-1640 supplemented with 5% foetal bovine serum, 100 µg/mL penicillin/streptomycin antibiotics. In the experimental group, the worms were exposed to the compound for 24 h and maintained in an incubator at 37 º C and 5% CO 2 . In the control group, the worms were kept under the same conditions, but in the absence of the compound. Afterwards, the worms were washed with culture medium and maintained under the same previous conditions, but without compounds until the end of the trial. Observations were performed using an inverted microscope and photos were taken daily for 1-24 h until seven days after the start of the culture. The culture medium was changed on alternate days. The experiments were performed in duplicate and repeated twice.
In vivo trials -Female albino mice weighing about 20 g were infected with 100 ± 10 cercariae of S. mansoni (LE strain) by subcutaneous route. The animals were treated 45 days post-infection. Drug administration was made by gavage, with a special needle. Imatinib (Glivec ® , Novartis) capsules of 400 mg were suspended in water and administered orally. The drug administration, dose and treatment period varied according to each experimental protocol. In order to analyse the drug activity, mice were sacrificed by cervical dislocation and submitted to portal-hepatic perfusion 15 days after treatment followed by worm collection from mesenteric veins and liver. The number of worms in the liver were determined by organ compression under two glass plates and counted using a stereomicroscope (Pellegrino & Siqueira 1956) . Oogram was made from 1 cm of the distal part of the small intestine and eggs were classified according to the respective stages. The oogram was considered altered when one or more stages of viable eggs were absent (Pellegrino et al. 1962 ). In the control group, animals were infected as described, but did not receive treatment.
Activity indicators were as follows: the average number of worms, percentage distribution of worms in mesenteric veins and liver, presence of dead worms in the liver and percentage of an altered oogram when compared to the control group (Pellegrino & Katz 1968) . The results obtained were compared by means of the Student´s t test, p ≥ 0.05 being stipulated as significance level.
Ethics -All experiments were carried out in accordance with Brazilian regulation on the protection of animals. Ethical approval for the study was obtained from the Ethical Committee for the use of experimental animals of the Oswaldo Cruz Foundation (CEUA L-018/09).
RESULTS
Trials performed in vitro using 25 µM showed that the intensity of movement of the worms diminished and only three dead eggs were found 72 h after the worms were removed from drug contact. With 50 µM slow movements and interruption of egg-laying were complete (Figure) . At 100 µM morphological alterations and absence of egglaying were observed. Control worms were very active with many eggs in all stages (Figure, Table I) .
Imatinib used at single oral doses of 1,000 mg/kg/ day, 500 mg/kg/day or 500 mg/kg/day X 3 days for treating mice was found to be inactive, based on the mean of worms recovered, distribution of the worms at the mesenteric vessels and liver. Also, no dead worms were found in the liver and no oogram alterations were observed (Table II) .
DISCUSSION
Recently, it was very clearly demonstrated that imatinib, an anti-cancer compound, produces alteration of morphology, pairing stability and survival of adult S. mansoni in vitro (Beckmann & Grevelding 2010) . Imatinib is a competitive antagonist of adenosine triphosphate binding site, leading to inactivation of three tyrosine kinase (PDGFR, Ber-Abl and c-Kit) and interrupting downstream signalling processes (Savage & Antman 2002) . Also, it has been reported that imatinib, by intraperitoneal injection, have potent antifibrotic activity both in suppressing and reversing S. mansoni induced liver fibrosis (El-Agamy et al. 2011) . When imatinib was used in vitro the results showed activity on S. mansoni with 10 µM, but alterations were intense with 50 µM or 100 µM, especially in females, but also in males. Confocal laser scanning microscopy clearly showed that the structure of the ovaries and oocytes was disordered. Also, the vitellarium was altered in the females treated with the highest dose (100 µM). On the male worms reduction in size of the testicular lobes on spermatocytes were observed. Imatinib produces severe gastrodermis alterations in worms of both sexes (Beckmann & Grevelding 2010) .
It is interesting to remark that the protein tyrosine kinases as potential targets against human schistosomiasis has been suggested by several authors (Dissous et al. 2007 , Knobloch et al. 2007 ) against Plasmodium falciparum (Ward et al. 2004 ), trypanosomes and Leishmania (Naula et al. 2005) and Ecchinococcus multilocularis larvae (Hemer & Brehm 2012) . Several compounds that are protein kinase inhibitors have been approved for cancer treatment in humans (Cohen 2009 ).
Our present results are in accordance with Beckmann and Grevelding (2010) as far as in vitro activity is concerned. We used only optical microscopy for assessing the decrease in movements, worm separation of couples and stop of egg-laying, starting with imatinib at the dose of 25 µM, being more active at 50 µM and 100 µM.
In vitro experiments. A: control worms presenting eggs at all developing stages; B-D: worms exposed to imatinib; B: worms exposed to 25 µM with absence of eggs; C: worms exposed to 50 µM with absence of eggs; D: worms exposed to 100 µM with absence of eggs, dead contracted worm seven days after treatment. Bar = 1 cm.
The interruption of egg-laying in vitro is a phenomenon that has been observed with other active compounds and can be considered an important sign for detecting anti-schistosomal activity. It is interesting to remark that also in vivo, in mice experimentally infected with S. mansoni or Schistosoma japonicum, the oogram method, which is the description of different egg stages found at the intestinal wall, has been used for drug screening since 1960s (Pellegrino et al. 1962) .
When imatinib was orally administered to mice experimentally infected with S. mansoni, with the protocol followed in this study, no activity was detected, even at the doses of 1,000 mg/kg or 500 mg/kg that can be considered very high, when compared to the active dose used for treatment of clinical cases of myeloma leukaemia that is 400 mg per day. Kretz et al. (2004) found that the mean fraction of imatinib in plasma (f p ) was 50% in mouse and up to 92% in acute lymphatic leukaemia (AML) patients. Similarly, f p for CGP74588, the primary metabolite of imatinib, was 70% in mouse and 90% in some AML patients. The failure of imatinib treatment cannot yet be explained, since the dosage of imatinib administered was very high, over 50 times higher than the clinical dose for daily treatment. Again, the discrepancy between the results obtained when comparing antischistosomal agents in vitro and in vivo has already been described (Araújo et al. 2008) . Although in vitro studies are useful to generate knowledge, they are obviously limited. A medication may change depending on the specific biological processes of the organism. In vitro experiments are a simulation of the reality and they must be tied to in vivo studies, to support scientific research (Andersen et al. 2004 ). 
